Introduction
Previous studies on examinations of the optimum listening levels of music have shown that the optimum listening level of male participants tend to be higher than that of females [1] [2] [3] [4] . This tendency was also observed when sign sounds and public announcements were used as stimuli [5] . However, the factors affecting the difference in optimum listening level between males and females were not clarified. To consider the difference in auditory process between males and females, it was necessary to reveal the factors affecting the difference in optimum listening level between males and females.
To determine the factors affecting the difference in optimum listening level between males and females, we discussed another difference factor between males and females. The previous studies revealed less efferent inhibition [6] and higher sensitivity of hearing in females than in males [7] . In addition, Torre reported that male participants required a higher sound pressure level to perceive the loudness of reproduced sounds as loud than female participants [8] . On the basis of those reports, we hypothesized that there was a difference in loudness perception between males and females; females might perceive sound as being louder than perceived by males for the same sound pressure level. The rating experiments of perceived loudness of various sounds indicated that female participants rated loudness higher than do the male participants for the same sound [9] [10] [11] . This difference in perceived loudness might be a factor affecting the difference in optimum listening level between males and females. To confirm this hypothesis, we examined the relationship between differences in optimum listening level and differences in perceived loudness between male and female participants using regression analysis.
Relationship between optimum listening level and optimum loudness
To estimate the difference in sound pressure level that male and female participants perceived as 'optimum,' regression analysis was applied to the results of a rating experiment using broadband noise [9] . In this experiment, the participants (7 males and 7 females) evaluated the perceived loudness of broadband noise using a 7-step rating scale from 1 to 7 (1: Very soft, 2: Soft, 3: Somewhat soft, 4: Neither soft nor loud, 5: Somewhat loud, 6: Loud, 7: Very loud). The rating score was the dependent variable, while the sound pressure level of broadband noise was the independent variable. The regression equation is expressed as y ¼ ax þ b (a and b are constants). When the value of sound pressure level is x, the value of predictive loudness evaluation is estimated as y. The regression equations for the male and female participants were obtained using Eqs. (1) and (2) . The correlations of these equations were statistically significant (p < 0:01). The subscripts m and f indicate male and female participants, respectively. The coefficients of determination, R 2 , are shown in parentheses. The relationships between the obtained regression equations and the results of the rating experiment using broadband noise for the male and female participants are shown in Figs. 1 and 2 . The measured optimum listening levels of music for the male and female participants obtained in the previous study [1] are shown in Table 1 . These values were obtained from the adjusted experiment. The participants (7 males and 7 females) adjusted the sound volume of an iPod to their optimum level while listening to the stimuli via headphones. To estimate the rating value of loudness for the optimum listening level of music for the male participants, the average optimum listening level of the male participants for music (66.6 dB [1] ) was substituted into x m of Eq. (1), resulting in y m ¼ 4:7. Thus, the male participants are expected to rate approximately 4.7 when the sound pressure level corresponding to their optimum listening level for music (66.6 dB) is reproduced. To obtain the sound pressure level (x f ) that the female participants are expected to rate as approximately 4.7, this value was substituted into y f of Eq. (2), resulting in x f ¼ 60:2. The obtained x f indicates that the sound pressure level that the female participants are expected to rate as 4.7 was 60.2 dB. The measured average optimum listening level of the female participants was 60.0 dB [1] .
The difference between the sound pressure levels that male and female participants perceived as 'optimum' is x m À x f ¼ 6:4. Thus, the difference in optimum loudness between the male and female participants was estimated as Ã e-mail: mariko@hamamura.biz y e-mail: iwamiya@design.kyushu-u.ac.jp 6.4 dB. The measured difference in optimum listening level between the male and female participants was 66:6 À 60:0 ¼ 6:6 dB. The estimated difference in sound pressure level that male and female participants perceived as 'optimum' (6.4 dB) from the rated loudness was almost equivalent to the measured difference in optimum listening level between the male and female participants (6.6 dB).
Conclusions
The relationship between the measured difference in optimum listening level and the estimated difference in perceived optimum loudness between male and female participants was examined using regression analysis of our previous experimental data [1] . We found that the difference in optimum loudness between male and female participants was approximately equal to their difference in optimum listening level. 
